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Outline
 Introduction
 Ultra low-k dielectrics fabricated by PECVD and porogen residue problem
 New PECVD curing approach: UV-curing of porogen-free films
 UV-curing as a photochemical process
 Experimental setup
 Results
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 Organic residues content in low-k matrix studied by UV-spectrocopic 
ellipsometry
 Effect of UV-curing wavelength on mechanical properties of porogen-free films
 Effect of UV-curing wavelength on dielectric constant of the films
 Conclusions
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Ultra-low-k PECVD dielectric and porgen residue challange
PECVD (k=2.3) – high residue content
Porogen residue degrades electrical properties
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PorogenLaws of Photochemistry:
 Only light that is absorbed can be effective in 
producing photochemical change. (Grotthus-Draper 
Law: 1817, 1843).
 One particle is excited for each quantum of radiation 
(photon) absorbed (Stark-Einstein Law: 1912)
Goal: Study of the effect of the UV-curing wavelength on porogen-
free films
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H2-AFT
 Energy of an absorbed photon must be equal to or 
greater than the weakest bond in the molecules 
(Bolton)
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Curing of porogen-containing films results in porogen
residues generation
Porogen residue (a-C) contains sp2 
orbitals (C=C) which have transition 
band ~4.5 eV (275 nm)
UV Spectrocopic Ellipsometry
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Greater thickness loss after 172 nm NB UV than for
>200 nm BB UV
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Observations:
More thickness loss for films without porogen for 172 nm UV curing (improved cross-linking)
0
2
4
6
8
T
h
i
c
k
n
e
s
s
 
l
o
s
s
 
(
s
h
r
i
n
k
a
g
e
)
,
 
%
H2-AFT
Adam Urbanowicz, AVS 57th , Oct 17-22, 2010, Albuquerque, NM
172 nm UV curing of porgen-free low-k results in greater YM than 
200 nm UV
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Pore radius is greater for 172 nm UV due to more
efficient Si-O-Si matrix cross-linkage
Ellipsometric porosimetry
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UV-curing of porogen-free films results in its lower k-values
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Observation for porogen free-films:
 >200 nm UV-curing results in lower k-value than ~172 nm UV
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Green area – ITRS requirements
UV ~172 nm
UV ~172 nm
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Conclusions
UV-curing in the presence of porogen results in:
porogen residue generation
comparable mechanical properties and k-values for both UV-sources 
used
UV-curing after porogen removal with H2-AFT results in:
narrow band (~172 nm)
YM of 6.64±0.61 GPa
Conclusionscuring technology
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k of 2.2±0.01
broad band (<200 nm)
YM of 3.85±0.38 GPa
k of 2.0±0.01
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Conclusions
Optimization of porogen residue-free ultra low-k PECVD films
different UV-cure times
combined narrow-band and broadband UV-curing
Electrical evaluation of achieved films using planar capacitor structures
CMP tests of porogen-residue-free films
Future planscuring technology
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